Abstract-In many realistic wireless channels the ambient noise is known through experimental measurements to be decidedly non-Gaussian, due largely to impulsive phenomenon. Frequently, code-division multiple-access (CDMA) transmissions are made over fading channels. This paper deals with the problem of multiuser detection in direct-sequence CDMA fading channels with impulsive noise. The robustification is based on the concept of M-estimators found in the robust statistics. A new Mestimator-based structure for noncoherent demodulation of differentially phase-shift keyed (DPSK) signals transmitted simultaneously via an asynchronous CDMA flat-fading channel and embedded in impulsive noise, is proposed and analyzed. The approach is corroborated with simulation results and the simulation results show that, in highly impulsive noise, the proposed detector with significant performance gain outperforms the linear decorrelating detector, the Huber, the Hampel and the alpha M-estimator based multiuser detectors with little attendant increase in computational complexity.
INTRODUCTION
Over the past decade, multiuser detection has received increasing attention due to enhancement of performance that it offers in CDMA communications with present multiple access interference (MAI) (see [1] and references there in). These techniques were of great theoretical but little practical interest, because the optimal receiver has exponential complexity in number of users. A large number of sub optimum detectors with lower complexity have been described in the literature since then. Further, most of the multiuser detection techniques largely focus on the situation in which the ambient noise is additive white Gaussian noise (AWGN) though numerous experimental measurements confirm that in many realistic wireless channels the ambient noise is impulsive.
Lately, the problem of robust multiuser detection in nonGaussian channels has been addressed in the literature [2] , [3] , & [4] , which were developed based on the Huber, the Hampel, and alpha M-estimators, respectively. The Huber's estimator [5] can limit the effect of gross errors; however, the effect may still have to be large enough to reach an unacceptable level. The Hampel's estimator [6] avoids this problem by setting up three regions to reflect the influence of gross errors with different magnitudes. We notice that big gross errors greater than a given threshold will have no effect on the solution as a sharp rejection point may corrupt the estimation when observations are not carefully treated due to low redundancy. Further, the performance of alpha detector [4] also degrades at high signal to noise ratio (SNR). Hence, a new M-estimator is proposed to robustify the multiuser detector for combating multiple access interference and impulsive noise in asynchronous CDMA communication systems.
Since CDMA transmissions are frequently made over channels that exhibit fading, it is of interest to design receivers that take this fading behavior of the channel in to account. Hence, in this paper, the problem of (differential) noncoherent data detection in asynchronous flat-fading CDMA impulsive non-Gaussian channels with the proposed influence function is considered. Simulation results show that the proposed robust multiuser detector with the proposed M-estimator outperforms the linear decorrelating detector and the minimax decorrelating detectors (with the Huber, the Hampel, and the alpha estimators) in asynchronous flat-fading non-Gaussian channels.
II. SYSTEM MODEL A. Signal Model Consider a CDMA system in which the signal of each of L active users arrives at the receiver through an independent, single-path, slowly fading channel [7] , so that the received signal can be written as
where 91( )denotes the real part, M is the number of data symbols per user in the data frame of interest, T is the symbol interval, o(t), qz(t), i-, {b, (i), i = 0,1,.M -1}, and w(t) denote the amplitude of the fading process, the phase of the fading process, the propagation delay, the symbol stream for the Ith user, and the ambient noise respectively. x, (t), Xx, (t);O0 t < T}, is the normalized signaling waveform of the Ith user. It is assumed that the signaling interval of each user is T seconds, and the input alphabet is antipodal binary:
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where j = -JZ, b is the phase of the Ith user relative to some reference, co is the common carrier frequency, and the spreading waveforms a,(t) are of the form Let (10) 
B. Asynchronous Case
Assuming that the fading process for each user varies slow rate that the phase and the amplitude can taken tc constant over the duration of a bit, (4) 
where The parameter m is called the smoothing factor and is chosen (7) such that the matrix Hm has full column rank.
C. M-estimator BasedRobust Multiuser Detection
The basic idea of M-estimator based multiuser detection is to detect the symbols in (14) by first eliminating the vector 6 (i), and then extracting symbol estimates from these (8) continuous estimates (see [2] & [3] ). Differential modulation must be used in the case of fading channels to overcome the resulting radian phase ambiguity. Thus, the information lies in the phase differences between successive signal 323 (9) (11) where k is any positive constant.
C. Hampel's estimator
The penalty function and influence function for this Mestimator [3] are given by (also see Fig. 1 (c) 
III. INFLUENCE FUNCTIONS The influence function introduced by Hampel [6] , is the derivative ofpenalty function (i.e., y = p'). Influence function measures the influence of a vanishingly small contamination of the underlying distribution on the estimator. Different influence functions yield solutions with different robustness properties.
Therefore, an influence function V/() should be chosen such that it yields a solution that is not sensitive to outlying measurements. The influence functions of four typical robust M-estimators found in the literature along with the proposed influence function are listed below.
A. Least Squares (LS) estimator
The penalty function and influence function for this estimator [1] are given by (also see Fig. 1 The penalty function and influence function for this Mestimator [2] & [7] are given by (also see Fig. 1 The penalty function and influence function for this Mestimator [4] are given by (also see Fig. 1 (d)) pa(x)=-eM 2+C, a>O 2o yf,(x) =xe, a>0
where ais a parameter of design and C is a constant. The desired error probability can be written as (see [7] for details) The bit rate, the pole radius, and the spectral peak frequency are fixed at I =lOKb/s, rd= 0.998, andfP =8OHZ T (for Fig. 2 and Fig. 3 ) & f =lIz (for Fig. 4 ), respectively. The noise distribution parameters e = 0.01 & K = 100 (for Fig.2 ) and £ = 0.1 & c = 100 (for Fig.3 and Fig. 4 ) are considered. The delays of the 6 users are randomly generated. The probability of error versus SNR of the proposed robust multiuser detector in comparison with the linear decorrelating detector and the robust multiuser detectors (using the Huber, the Hampel, and the alpha estimators) is shown in Fig. 2, Fig.  3 , and Fig. 4 . It is seen from these simulation results that the proposed robust multiuser detector with the proposed influence function offers substantial performance gains over the linear decorrelating detector and the robust multiuser detectors (with the Huber, the Hampel, and the alpha estimators). V. CONCLUDING REMARKS In this paper we have proposed a new M-estimator based robust multiuser detection technique in flat-fading asynchronous CDMA channels for combating multiple access interference and non-Gaussian impulsive noise. Moreover, the asymptotic performance of the proposed multiuser detector has been assessed via computer simulations and compared with that of four multiuser detectors: the linear decorrelating detector, and the minimax decorrelating detectors (with Huber, Hampel, and alpha M-estimators). Simulation results show that the proposed robust multiuser detector offer significant performance gain over the linear decorrelating detector and the minimax decorrelating detectors (with the Huber, the Hampel, and the alpha estimators) in flat-fading asynchronous CDMA non-Gaussian channels with little attendant increase in the computational complexity.
